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Potential energy savings in buildings by an
urban tree planting programme in California

E. Gregory McPherson and James R. Simpson

USDA Forest Service, Pacific Southwest Research Station, Davis, California, USA

Abstract: Tree canopy cover data from aerial photographs and building energy simula-
tions were applied to estimate energy savings from existing trees and new plantings in
California. There are approximately 177.3 million energy-conserving trees in California
communities and 241.6 million empty planting sites. Existing trees are projected to re-
duce annual air conditioning energy use by 2.5% with a wholesale value of $ 485.8 mil-
lion. Peak load reduction by existing trees saves utilities 10% valued at approximately
$778.5 million annually, or $ 4.39/tree. Planting 50 million trees to shade east and west
walls of residential buildings is projected to reduce cooling by 1.1% and peak load de-
mand by 4.5% over a 15-year period. The present wholesale value of annual cooling re-
ductions for the 15-year period is $ 3.6 billion ($ 71/tree planted). Assuming total plant-
ing and stewardship costs of $ 2.5 billion ($ 50/tree), the cost of peak load reduction is
$ 63/kW, considerably less than the $ 150/kW benchmark for cost-effectiveness. Influ-
ences of tree location near buildings and regional climate differences on potential ener-
gy savings are discussed.

Key words: urban forests, peak load reduction, energy conservation

Introduction

California is home to over 30 million people and the
world’s sixth largest economy. Its population is expectounding rural areas has other implications, such as in-
ed to nearly double to 60 million in the next 40 yearsreases in carbon dioxide emissions from fossil fuel
with concomitant increased demand for energy rg@ower plants, municipal water demand, unhealthy
sources (California Department of Finance 1998). Prozone levels, and human discomfort and disease. In ad-
viding adequate supplies of energy to fuel growth haition, climate change may double the rate of urban
proven to be a challenge, as evidenced by rolling blackarming, underscoring the need for more energy-effi-
outs during 2001 (Berthelsen & Winokur 2001). cient landscapes in new urban developments.

Rapid growth of California cities is associated with a Urban forests modify climate and conserve building
steady increase in ambient downtown temperatures of
about 0.4 °C (0.7 °F) per decade. Because electric cool-

ing load demand of cities increases about 3-4% per ,c”-\%dressfor correspondence: Center for Urban Forest Re-

(1-2% per °F) increase in temperature, approximatel¥arch: USDA Forest Service, Pacific Southwest Research
3-8% of electric demand for cooling is used to comstation; Dept. of Environmental Horticulture; One Shields
pensate for this urban heat island effect (Akbari et &lve; University of California; Davis, CA 95616, USA.

1992). Warmer temperature in cities compared to SUE-mail: egmcpherson@ucdavis.edu
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energy use through 1) shading, which reduces tM?ethodoIogy
amount of radiant energy absorbed and stored by built
surfaces, 2) evapotranspiration (ET), which conver': Aerial photo analysis
liquid water in plants to vapor, thgreby cooling the'al_ ata from aerial photography were previously collect-
anq 3) wind sp_eed redl,_lctlon_, Wh.'Ch reduces the.mf' d for 21 California cities with print scales from
tration of outside air into interior spaces (Heisle 12,000 and 1:4,800 and dates ranging from 1988 to
1986). Trees and other greenspace within Lnd'v'dou’%bgé (USDA Férést Service 1997). The point below
Eglrlr?”;?eilltt% Sarrneaays Igl\j\ég{ dzliﬁgmfezgéugses C 6 "Racn randomly located dot was classified by land-use
P 9 ISpace. type, cover type, and the site’s effect on building ener-
Although shade trees have potential to conserve en*® use (Fig. 1). A minimum of 3,495 sample points
eragy, !f located to shade solar collectors and_ south-f ere analyzed from photos that covered the entire area
ing windows they can reduce collector efficiency and - ., citv Data were grouped by four land use class-
increase winter heating costs. Other potential dravg-s: single family residential (SFR), multi-family resi-

backs include: dential (MFR), commercial/industrial (C/l), and insti-

’ g(r)]gﬂsl(t:;[ge?ﬁtvﬁsc\,ﬁfnetsrggsda?fﬁ;’\var”gs’erﬁ)ovsvifédl'neﬁltional/transportation (/T). Because our estimates
9 properly ' _fgcus on trees and planting sites with energy-saving

« falling limbs, fruit, and leaves that create hazards arb tential, locations on agricultural, wildland, and aban-

require clean_-up, .. ..___doned areas within cities are excluded.
« certain species release allergens and emit biogenic Points falling on tree canopy or plantable pervious

volatile organic compounds (BVOCs) that Contr'bm%over were further classified into site locations based on

. to ozone formfatlon, _ | ; whether their effect on heating and cooling energy use
many types of trees require ample amounts of Watghq ssitive, negative, or neutral. Trees or empty plant-

to grow, , . ing sites located within 12.2 m of east and west sides of
* slow growth rates and high mortality rates can rgyiigings were in “positive sites” because trees provide
duce tree planting cost-effectiveness. benefits from shade. South trees located within 6.1 m

Judicious tree selection and location are critical 5, buildings were in “neutral sites” since benefits
maximizing energy benefits and minimizing the probgom jimited summer shade are likely to be offset by un-
lems noted above (McPherson et al. 1999, 200Qesjrable winter shade. Points located between 6.1 m
2001). _ - and 12.2 m of the south side of buildings were in “nega-

There are an estimated 6 million street and park tre@ge sites” because most shade occurs during the heating
and a total 148.6 million trees in urban areas in Califokzason. Points located to the north or greater than
nia (Bernhardt & Swiecki 1993; Dwyer et al. 2000)12.2 m from buildings in other directions were in “neu-
However, information is lacking on how these trees ifra| sites” because their shade would not fall on build-
fluence building energy use and the potential for nepgs. Trees at all sites were assumed to produce energy
tree planting. Although previous research has agenefits from reduced ambient temperatures and wind
dressed these questions at the scales of individual hogpeeds (climate effect). These site classifications reflect
sites (Meier 1991) and cities (Simpson 1998)%ur general knowledge of how time, season, and tree lo-
statewide impacts have never been studied. Informeation influence shading on buildings (Heisler 1986).
tion at this scale is important to California government The number of existing trees and potential tree plant-
officials and electric utilities, who are actively investing sites were calculated assuming an average tree
ing in peak load reduction strategies. Moreover, beover density of 609 trees/ha (average crown projec-
cause California is as large as many countries in Egion area of 16.4 Aper tree) (Table 1). This tree densi-
rope and Asia, the methods described here could be gpwas derived from tree cover densities for land uses
plied to conduct large-scale analyses elsewhere. Thusgthin city and suburban sectors of Sacramento and ap-
the objectives of this study were to determine the gflied to all sample cities and land uses (McPherson
fects of: 1998). The total number of treeg fbr land use ‘i’ and
« existing trees on statewide and regional energy cosite ‘k’ was calculated as

sumption for space heating and cooling and pea[k —b.*Alb

electricity demand, k= P
« future tree plantings on statewide and regional enathere

gy consumption for space heating and cooling ang, = proportion of interpreted points covering land use

peak electricity demand, i on site k (i.e., positive, neutral, or negative sites),
« regional differences on annual energy savings, pealk= city area,
load reductions, and cost-effectiveness. b = average tree crown projection area.
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Fig. 1. Aerial image similar to those interpreted showing random dots landing on existing tree cover (unfilled circles) and
empty tree sites (filled circles). Land use (single family residential [SFR], multi-family residential [MFR]) and site location
(positive, neutral, negative) are shown for each point.

And the standard error was calculated as Scaling-up from the sample to climate zones

SE (T,) =A/b *SQRT[V (p)] California has the most diverse set of climatic condi-
where V(p,) is the variance of,pand calculated as ~ 1ions of any state in the US. The California Energy
. . Commission (1995) analyzed data from over 600
V(pu) = P (1 — R / Total # of interpreted points weather stations and divided the state into 16 distinct
This standard error for numbers of trees characteand reasonably consistent climate zones based mostly
izes measurement error, but underestimates total eroor summer and winter mean temperatures. Climate
because other sources of error are present (discussede boundaries are fairly consistent with jurisdiction-
later in this paper). al boundaries and avoid creating pockets within zones.
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Table 1. Tree cover data from previous aerial photo interpretation, estimated tree numbers (in thousands), and population
and housing estimates (dwelling units [DUs] in thousands) for 1990 and 2000 used to scale-up sample data. Trees (se) is the
standard error of the estimate of tree numbers

Region Sample Cities Tree 1990 1990 1990 2000 2000

Cover (%) Trees Trees(se) City Pop.  City DUs Zone Pop.  Zone DUs

North Coast Eureka 21.6 85.3 4.9 27.0 11.8 1,068.6 450.1

Cental Coast Atherton 47.5 360.3 6.8 7.2 2.5 6,109.9 2,238.8
Menlo Park 23.9 363.1 12.5 28.4 12.4
Santa Maria 5.4 109.2 7.8 61.6 21.2

South Coast Los Angeles 15.4 14,684.4 469.4 3,485.6 1,300.0 4,969.9 1,834.2

South Valleys  Pasadena 225 724.8 23.0 131.6 53.0 10,770.7 3,492.8

Inland Empire  Escondido 18.1 493.0 22.1 108.6 42.1 2,887.3 1,009.4
Poway 10 290.7 16.3 43.4 14.4

North Ctr Valley Chico 11.4 308.3 15.4 40.0 16.2 786.9 345.0
Redding 15.5 381.5 26.3 66.5 27.2
Yuba City 11.7 101.3 4.6 27.4 11.0

Mid Ctr Valley ~ Merced 5.7 123.9 8.2 56.2 18.9 3,887.6 1,433.1
Sacramento 14.1 2,065.4 76.1 369.4 153.4

South Ctr Valley Bakersfield 5.7 497.0 26.3 175.0 66.2 1,966.5 663.5
Visalia 12.5 228.4 13.2 75.7 27.2

High Desert Lancaster 0.4 53.0 7.5 97.3 36.2 757.1 271.8
Victorville 1.7 57.8 6.6 40.7 15.6

Low Desert Cathederal City 3.9 103.1 8.3 30.1 15.2 540.8 229.8
Coachella 7.9 19.0 2.9 16.9 3.8
Desert Hot Springs 1.5 21.8 2.8 11.7 5.5
Palm Springs 3.9 367.1 23.8 40.1 30.5

Mountains South Lake Tahoe 41.7 340.5 7.5 21.6 14.1 582.0 286.0

34,327.3 12,254.5

Table 2. Representative cities, air temperatures, radiation, and heating and cooling degree days for the 11 climate zones

Region City Avg. Daily Avg. Daily Direct Solar Diffuse Solar ~ HDD CDD

Min. Temp Max. Temp  Radiation Radiation

°0) °0 (W/m?) (W/m?)
North Coast Santa Rose 7.3 22.2 5.2 1.6 3,340 323
Central Coast Sunnyvale 8.2 22.2 5.6 1.5 2,366 325
South Coast San Diego 12.2 22.2 5.3 1.8 1,355 472
South Valleys Burbank 11.2 25.2 5.6 1.7 1,488 893
Inland Empire Riverside 10.2 25.8 5.7 1.8 1,570 1,243
North Central Valley Red Bluff 9.1 23.7 6.2 1.4 2,518 1,337
Middle Central Valley Sacramento 8.6 23.1 6.3 14 2,764 708
South Central Valley Fresno 10.8 25.1 6.5 1.5 2,300 1,908
High Desert China Lake 7.5 24.4 7.3 1.4 2,706 1,719
Low Desert El Centro 14.6 31.3 6.6 1.6 776 4,018
Mountains Mt. Shasta 2.1 18.2 5.4 1.5 5,600 253

One heating degree day (HDD) accumulates for every degree that the mean outside Temperature is below 65 °F (18.3 °C) for a

24-hr period.

One cooling degree day (CDD) accumulates for every degree that the mean outside temperature is above 65 °F (18.3 °C) for a

24-hr period.
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We reduced these 16 zones to 11 because canopy casgimates. 2000 population and housing data were ag-
data were not available for cities in certain climatgregated for all California cities and unincorporated
zones (Fig. 2, Table 2). Climate zones that were joinegleas by climate zone (California Department of
were adjacent to each other, with relatively similar cliFinance 2000) (Table 1). Ratios were multiplied by
mates. their respective year 2000 population and dwelling unit
Tree numbers by location for each sample city wereimbers to estimate the total numbers of existing trees
stratified into the 11 climate zones. Tree ratios, thend potential tree planting sites by land use and tree
number of trees per person or per dwelling unit, wesste for each climate zone. This scale-up assumes that
calculated by land use and tree site (i.e., positive, ndtee distributions in 2000 are the same as those sampled
tral, or negative) for each sample city using 1990 d& 1990. If new development patterns resulted in fewer
mographic data (U.S. Census Bureau 1996) (Table iree sites than observed in 1990, this assumption may
Tree ratios for SFR and MFR land uses were calculatederestimate the number of sites.
per dwelling unit, and ratios for C/I and I/T land uses The 21-city sample did not contain a city in the
on a per capita basis. Tree ratios for sample cities in tBeuth Coast climate zone. Land cover and land use
same climate zone were averaged to derive zone-widata were used from an earlier aerial photo analysis of
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Fig. 2. Climate zones
and county boundaries.
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Los Angeles (McPherson et al. 1993), but data lackegere based on hourly simulations using representative
specific information on tree sites. Tree site data fromeather data for cites in each of the 11 climate zones
the 21-city study for Pasadena were applied to the tr@dallette et al. 1983) (Table 3) A detailed description
canopy cover and plantable pervious land cover dath how energy effects were estimated is described in
for Los Angeles. Thus, while estimates of the overalhe full technical report (McPherson & Simpson 2001).
numbers of trees and empty sites are specific to the Lo&JECs andAUECS in this study were based on results
Angeles imagery, the locations of trees and sitésr 139 nt and 163.6 rhwood frame homes that meet
around buildings were extrapolated from nearbalifornia Energy Efficiency Standards (Title-24). The
Pasadena and may not accurately reflect conditionssimgle-family residences had R-39 insulation in the
Los Angeles. Also, anomalously high canopy coveaoof and R-19 insulation in the walls, energy efficient
(47.5%) and trees/capita (50) for Atherton led to its réneating (Annual Fuel Utilization Efficiency = 78%)
moval from the database, leaving two sample cities fand cooling (Seasonal Energy Efficiency Ratio = 10
the Central Coast region (Menlo Park, Santa Marifatio of cooling output in kBtuh to power consumption
(Table 1). in kWh]) equipment, dual-pane windows, and cooling
by natural ventilation when the outside temperature
. . dropped below the thermostat setpoint (25.6 °C). Re-
Computer simulations sults for smaller buildings were increased by the ratio
This study relied largely on results from previous conof their conditioned floor areas (CFA) (163.6/139 =
puter simulations of the relative effects of different tre#.18) to provide for more direct comparisons across re-
configurations on building energy use (McPherson &ions, and to reflect the larger size of newer home con-
Sacamano 1992; Simpson et al. 1994; Simpson sruction. The use of this ratio is an approximation be-
McPherson 1996; McPherson & Simpson 1999). Enetause smaller buildings have relatively larger surface
gy savings were determined by comparing predictiorsea to volume ratios and greater conduction heat
for identical unshaded (base case) and shaded buigins/losses per unit volume than larger buildings. Be-
ings. Base case results were calibrated and adjustedise the scaling adjustment here is small, its effect on
with residential energy use data from each utilitthe modeling results is minor.
(Table 3). Annual impacts on cooling (kWh) and heat- In these studies shade was simulated using the decidu-
ing (MJ) per residential unit (Unit Energy Consumpeus Chinese lantern tredglreuteria bipinnata). This
tion or UEC), and peak demand or capacity (kW) papecies is commonly planted except in the mountains,
residential unit (Unit Power Consumption or UPChas a broad, umbrella shaped crown, is a low to moder-

Table 3. Simulated heating and cooling loads for the base case buildings and re-
gional air conditioning saturations weighted by equipment type

Region Base Case Buildings
Annual Cooling Peak AC  Annual Heating SF Res. AC
(kwh) (kw) (GJ) Saturation (%)
North Coast 881 2.51 21.7 39.7
Central Coast 539 2.29 13.5 32.4
South Coast 603 2.17 7.2 30.3
South Valleys 1,904 3.08 10.3 55.6
Inland Empire 2,493 3.30 145 59.5
North Ctr Valley 2,135 3.17 23.4 70.8
Mid Ctr Valley 1,490 3.15 20.5 68.6
South Ctr Valley 2,968 3.32 16.2 70.2
High Desert 2,646 2.94 28.9 78.0
Low Desert 5,453 3.32 5.5 78.0
Mountains 559 2.28 83.0 10.0

SF Res AC Saturation is the percentage of single family residential units with cen-
tal air conditioning. The calculation weights evaporative and room AC based on
typical electric use relative to central AC.
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ate water user, moderately pest resistant, and low emitlley) found that shade from a south tree (7.3 m tall)
ter of volatile organic compounds. Results of shading egduced annual cooling by 5% (76 kWh).
5, 10, and 15 years after planting are reported and as€Computer simulations conducted by Akbari et al.
sume respective tree heights and crown spreads (©990) in Sacramento were based on three trees and in-
4 m, 5.8 m, and 7.3 m. These dimensions are consistehtded effects of increasing roof albedo. After account-
with measured data for street trees in Modesto and Saimg for these effects the estimated savings from shade
Monica (Peper et al. 2001a, 2001b). Trees were estimatid climate effects was 424 kWh/tree. Estimated sav-
ed to block 85% of summer irradiance (April througlings of 350 kwWh from our 7.3 m tall west tree is some-
November in most climate zones) and 30% during thehat less than this amount of 424 kWhtree.
winter leaf-off period (McPherson 1984). Shade effects In simulation studies Huang et al. (1987) found an-
from individual trees were simulated assuming treawial savings of 261 kWh/tree in Sacramento, for simi-
were placed 3.8 m from east and west walls. lar houses, compared with 237-350 kWh/tree found in
UECs were adjusted to account for forecasted satuthis study. Their trees had greater crown diameter
tion of central air conditioners, room air conditionerg,10 m vs. 7.3 m), but shading was “generalized” and
and evaporative coolers in each utility service are®t located to maximize summer shading. When shad-
(California Energy Commission 2000a) (Table 3). ling was maximized, their savings increased to
this study the term saturation refers to the percentage3df3 kWh/tree, similar to our 350 kWh amount for a
total dwelling units with air conditioning equipment.west tree.
Equipment factors of 33% and 25% were assigned toPeak savings were also reported by Huang et al.
homes with evaporative coolers and room air condj1987) of 0.66 kWi/tree for Sacramento compared to
tioners, respectively. These factors were combingd35 kW/tree found here for a west tree. Their savings
with equipment saturations to account for reduced eimcreased to 1.24 kW/tree for a strategically located
ergy use and savings compared to those simulated fiare. Akbari et al. (1990) found an average peak cool-
homes with central air conditioninglUECs for multi- ing savings of 0.52 kWi/tree in Sacramento. Smaller
family residential buildings due to tree planting wersavings reported for this study are partly the result of
estimated by adjusting single famiNJEC for differ- the smaller trees (10 m vs. 7.3 m) and different model-
ences in energy use, shading, and climate effects lrgg algorithms. Given this limited basis for compari-
tween building types. UEC data were taken from USon, it appeared that our final simulation results were
Energy Information Administration (1993a, 1993b) clitreasonably similar to those reported in other studies.
mate zones representative of California (zones 3, 4, and
5). Similar adjustments were used to account for UE' Forecasted electricity and natural gas prices
and CFA differences between single-family detached and demands

residences for which simulations were done, and g this analysis we assumed that the base contract
tached residences and mobile homes. price of $ 69/MWh ($ 66.34 in 1998 real dollars) re-
. . _— . . mained constant because in 2001 California purchased
Calibration and validation of simulation results long-term contracts for electricity at an average price
To improve the accuracy of initial simulation resultof $ 69/MWh. Another 10% was added for ancillary
they were calibrated with other findings until reasonservices that utilities provide, as well as 10% for addi-
ably similar to those from the limited set of relevantional spot market contracts. The total wholesale price
simulation and field studies. Meier (1990/91) reviewedias $ 79.61/MWh. We use wholesale prices and take a
results from five studies that measured energy savingflity perspective in this analysis because investment
from landscaping and reported that air conditioning eim a large-scale tree planting program would need to be
ergy savings commonly measured 25-50%, but non @fonomically acceptable to utilities and their regula-
these studies were in California. In the only Californitors. The retail price paid by residential customers is
field study (Akbari et al. 1997), 16 trees in containergpproximately twice the wholesale price because of ad-
8 large (7 m tall) and 8 small (3 m), were located tditional costs for transmission and other services.
shade the walls of two residential buildings in Sacra- Annual natural gas prices were based on forecasted
mento, California. The trees were reported to redus@lues obtained for residential, commercial, and indus-
annual air conditioning use by 26% for one buildingrial end-uses from Pacific Gas & Electric, Southern
and 47% for the other. This difference in savings wd3alifornia Gas, and San Diego Gas & Electric (Califor-
due to different shading treatments and measuremeai Energy Commission 2000b). Prices for the 15-year
sequences. After adjusting for tree size, the annyahnning period averaged $ 6.06/GJ ($ 6.39/MBtu) and
cooling savings were 3—-8% per large tree (7 m). O8r4.67/GJ ($ 4.93/MBtu) for residential and commer-
final simulations results for Sacramento (Mid-Centratial/industrial uses, respectively.
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The present value of benefits (PVBs) from heatinglanted are assumed to survive after 15 years. This sur-
and cooling savings were calculated assuming a S%bal rate is similar to rates reported for street trees that
nominal discount rate for a 15-year planning horizoare more prone to vandalism and stress than trees in
(2001-2015). The 15-year planning period is a conesidential yards (Miller & Miller 1981).
promise between the short-term financial and political
need for return-on-investment and the long-term ”f}%t It
span of trees. Because statewide, shade trees slig %ﬁu S
increase annual heating costs, the PVBs for heatifge numbers and locations
alone can be negative.

The net present value of benefits (NPVB) was calcl” Existing trees
lated by subtracting total discounted costs from totghere are approximately 177.3 million (standard error
PVBs. The ratio of benefits to costs was also calculatgde] 2.8 million) existing trees with energy-saving po-
All trees were assumed to be planted in 2001 at an avgintial in California cities (Fig. 3). Thirty percent of all
age cost of $ 50 per tree. This cost includes expengliees are in the South Valleys zone. Overall, there are
tures for administration, marketing, and stewardship, 89 trees per capita (34.3 million human population).
well as costs associated with tree purchase and plantifige ratio of trees per capita is highest in the Mountains
(5-gallon trees). Shade tree programs sponsored by Hifi North Central Valley climate zones and lowest in
Sacramento Municipal Utility District (SMUD) and the High Desert.

Los Angeles Department of Water and Power Seventy-one percent of all trees are on single-family
(LADWP) have budgeted costs of about $ 50 per treeresidential (SFR) land uses and 6% are on multi-family

In 2001 it cost $ 150-250 to produce, purchase, ggsidential (MFR) land. The average number of resi-
conserve a kW at the summertime peak (Messengeential trees per dwelling unit is 11.2, with ratios as
personal communication). Hence, peak load reductigiigh as 27.3 in the mountain climate zone, and as low
measures that cost less than $ 150 per KW saved age2.3 in the high desert. Trees on institutional/trans-
considered cost-effective. This price of $ 150 per kWortation (I/T) land uses account for 17% of the total,
avoided at the peak was used to estimate the valuendth 6% on commercial/industrial (C/l) land uses.
peak load reduction. Forty-seven percent of all trees are located in “posi-

Forecasted demand data were used to estimate five” sites east and west of buildings so as to provide
relative effect of existing and newly planted shade treghade and climate benefits, while 2% are in “negative”
on statewide energy use during the next 15 years. Apbeations (6—12 m south of buildings) and 51% are in
nual forecasts by end use were obtained for 2000—20T@utral” locations that produce only climate benefits.
and extrapolated to 2015 using a linear trend function
(California Energy Commission 2000a). Potential planting sites

) . . . There are approximately 241.6 million (se 3.2 million)
Simulation scenarios and modeling assumptions empty planting sites with energy conservation potential
Results are presented for existing trees and a scenario
that assumes strategic planting within 12.2 m of the
east and west sides of residential buildings. Previous
analyses in Sacramento, CA indicate that some resi-
dents will not accept additional shade trees even ‘
though vacant planting sites are available (Sarkovich, Nt coast
personal communication). Therefore, we assume plant" o2t
ing of 50 million trees in sites that occupy 66% of all 5" ¢
vacant sites within 12.2 m of east and west walls of res="" '
idential buildings. A second scenario planted trees af'™™ ="
A . . North Ctr Valley Il
66% of all residential sites to compare the effects Ofm 4 Cir Valloy
trees located away from buildings (climate only) With . . yaje,m—
those that are strategically located to provide east and,y, peeer—
west shade (shade + climate). Low Desert [I—]

The planting scenarios assume that 15% of planted i mm
trees die and are removed during the 5-year establish-
ment period after planting. An additional 5% of the
number planted are assumed to have died by yearrl§ 3. Estimated current numbers of existing shade trees
and another 5% by year 15. Thus, 75% of the trees empty tree planting sites in millions by climate zone.

Trees and Empty Sites (millions)

0 30 60 90 120

m Existing Trees o Empty Sites
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(Fig. 3). Empty planting sites are more evenly disBuilding energy savings
tributed among climate zones than existing trees, al- .
though zones with the most trees also tend to have tne 24singtrees
most planting sites. There are 7.0 empty sites per cagialifornia’s 177 million energy conserving urban trees
on average, with highest ratios in the North Centra¢duce annual electricity use for cooling by 6,407.8
Valley, High Desert, Inland Empire, and Low Deser&Wh (2.5%), providing a wholesale savings to utilities
zones, and the lowest ratios in the more heavily treefl approximately $ 485.8 million (Table 4). The sav-
Mountains, South Valleys, and South Coast. ings to customers is about twice this amount, or $ 970
The distribution of empty planting sites among landhillion. Residential savings is 5,302 GWh (6.9% of
uses is similar to the distribution of existing trees: 63%ptal residential use) and C/I savings is 1,105 GWh
are on SFR land uses, 4% MFR, 26% I/T, and 7% C(R.8% of total commercial use). The average savings
The average number of empty residential planting sitégy all trees is 36 kWhi/tree ($ 3/tree), and trees shading
per dwelling unitis 13.2, with ratios as high as 28.3 arfeF residences are most efficient (41 kWh/tree). Elec-
21.5 in the Inland Empire and High Desert zones, afikicity savings are greatest in the South Valleys, Central
as low as 6.7 and 7.8 in the Central Coast and Mou@oast, and Mid-Central Valley, while average savings
tains, respectively. Forty percent of all potential treper tree are greatest in the South Central Valley, High
sites are in “positive” locations, 4% are in “negativeDesert, and Low Desert/North Central Valley.
locations, and 56% are in “neutral” locations that pro- Existing trees in California communities have an
duce only climate benefits. even greater effect on peak electricity consumption, re-
The technical potential for shade trees, defined as dlicing peak use by 5,190.2 MW (10%) over the
planting sites including those with trees, is 418.9 milt5-year period. Assuming a price of $ 150/kW, the
lion (se 4.2 million) in California. Statewide, technicavalue of peak load reduction is $ 778.5 million. Peak
potential is 12.2 sites per capita, and ranges from lgad savings are greatest in the South Valleys, Central
(South Valleys) to 20 sites (Mountains). Current shadeoast, South Coast, and Inland Empire. Average sav-
tree saturation, the percentage of technical potentiags per tree is 0.03 kW, with values ranging from 0.02
with energy-conserving shade trees, is 42%. Saturatiffiountains and other zones) to 0.09 (Low Desert).
is highest in the Mountains (76%) and Central Coa$hese relatively low values are partially due to tree lo-
(53%) and lowest in the High (8%) and Low (24%j¥ation. Only 25% of existing trees are opposite west-
Deserts. Saturation is greater in residential land usa’d south-facing walls where benefits from shade are
(45% SF and 56% MF) than C/I (39%) and I/T (32%)greatest for peak load reduction.

East and west sites (positive) have higher saturation€EXisting trees increase natural gas consumption for
(46%) than south sites (negative) (33%). space heating by 4.4 million GJ (2.8%), costing $ 27.4
Zones with the greatest number of empty plantingpillion. Although trees reduce winter air infiltration
sites are the South Valleys, Mid-Central Valley, Centréaites, thus saving energy used for heating, this benefit
Coast, Inland Empire, and South Coast. Together, siiésnore than offset by increased heating demand due to
in these five zones account for 79% of all empty siteshading from leaves and branches when solar access is
For these five zones, tree saturation is lowest in tldebenefit. Statewide, existing trees near single-family
Mid-Central Valley and Inland Empire zones, indicatbuildings increase natural gas consumption 6.1 million
ing that these zones have the greatest opportunity féd ($ 35 million). Trees near other buildings (e.g.,
new tree planting. multi-family residential, commercial) have a slightly

Table 4. Simulated annual cooling, peak cooling, and annual heating savings from existing trees. For the 50 million planted
tree scenario, annual savings are shown at 5-year intervals after planting, assume 25% tree mortality over the 15-year period,
and dollar savings are discounted at a 5% nominal rate

Tree numbers Cooling Cooling Saved  Peak Cooling  Peak Cooling Heating Heating
Saved (GWh)  (million $) Saved (MW)  Saved (million $) Saved (GJ) Saved (million $)

177 million existing 6,408 485.8 5,190 778.5 -4.4 -27.4
50 million at 5 years 1,792 142.7 641 108.8 -4.1 -22.8
50 million at 10 years 3,949 314.4 3,427 657.9 -6.2 -34.5
50 million at 15 years 6,093 485.0 6,545 1,421.8 -1.7 -43.1
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positive effect on natural gas use for heating becausem SFR trees ($ 65/tree) and 3% are from MFR trees
these larger structures are less influenced by shade (&f28/tree).
fects and more influenced by climate effects comparedAssuming program costs of $ 50 per tree, and total
to detached homes. The average annual cost per trests of $ 2.5 billion for 50 million trees, the net pre-
statewide is only $ 0.15 (60.1 MJ). Average annual efent value of benefits is $ 660,000, or $ 13/tree planted.
fects on heating are most costly in the Mid-Central ValFhe discounted payback period is 13 years and the ben-
ley (219 MJ/tree, $ 0.54) and most beneficial in thefit-cost ratio is 1:1.27. For every $ 1 invested in the
Mountains (397 MJ/tree, $ 0.91). hypothetical program, $ 1.27 is returned in annual net
The net economic impact of existing Californiacooling and heating benefits. The benefit-cost ratio
shade trees on cooling and heating is $ 458 million (gemps to 1:1.42 when only the PVBs for annual cool-
$ 4.1 million). Annual net benefits per tree are greateisty savings are considered.
in zones with the hottest summers ($ 4-$ 7), such adDuring the year 2015 California is projected to add
Desert, Inland Empire, and Central Valley, and saving®0,000 new residents and electricity consumption will
are least in the cooler Mountains and Coastal zonieerease by 5,000 GWh. The projected annual electrici-
($ 1-% 3). Statewide, tree-related additional heatirtyg savings of 6,093 GWh ($ 485 million, 1.8% of pro-
costs are only 5.6% of total annual cooling savings. jected demand) due to shade trees planted 15 years ear-
lier will entirely offset the increased electricity demand
Planting 50 million trees associated with the state’s new residents and associated

In this scenario 50 million trees are planted to shadévelopment (Table 4).
east and west walls with approximately 38 million sur-

viving 15 years later. Ninety-three percent of the tre
are planted in SFR land use and the remainder in M
land. Over the 15-year planning period these trees kst trees produced greater annual cooling savings
estimated to reduce electricity consumption by 46,98Man east trees, which produced greater savings than
GWh (1.1%) and peak demand by 39,974 MW (4.5%puth trees except in the South Coast zone, where
(Table 4). The discounted savings associated with theserning fog reduces cooling benefits from east trees

projected reductions is $ 3.6 billion ($ 71/tree) an(lable 5). Savings from west trees were about

$ 7.6 billion ($ 150/tree), respectively. Heating energ§0-100% greater than savings from east trees. A simi-
use increases by 74.9 million GJ (2.8%) with a didar pattern is observed for peak cooling savings, but the
counted cost of $ 398 million ($ 8/tree). The PVB (dishenefit from west trees is more pronounced. Annual

counted cooling savings minus heating costs) for tl@oling savings from trees located too far from homes

15-year period is $ 3.16 billion (se $ 17.9 million)o provide direct shade (climate only trees) is generally

($ 63/tree). Ninety-seven percent of total PVBs ar2b—-50% of savings from west trees.

%Efects of tree location and climate zone

Table 5. Simulated annual energy saving effects of one existing tree (4.6 m crown diameter) at different locations around the
base case residences. Climate only trees do not shade buildings (>12.2 m)

Region Annual Cooling Savings (kWh/tree)  Peak Cooling Savings (kWh/tree)  Annual Heating (MJ/tree)
South East West  Climate South East West Climate South East West Cimate
only only only
North Coast 31 38 59 27 0.03 0.03 0.06 0.03 -469 -165 -230 151
Central Coast 16 22 38 22 0.02 0.02 0.04 0.03 -448 -101 -162 94
South Coast 18 15 23 16 0.03 0.02 0.04 0.03 -186 59 98 45
South Valleys 32 36 60 25 0.02 0.02 0.05 0.02 -273 95 48 22
Inland Empire 45 51 85 37 0.03 0.03 0.06 0.03 -252 -119 -81 32
North Ctr Valley 62 81 139 36 0.02 0.02 0.05 0.01 -474 -140 -205 60
Mid Ctr Valley 42 58 114 28 0.01 0.02 0.04 o0.01 -520 -210 -210 52
South Ctr Valley 76 107 164 53 0.03 0.03 0.07 0.02 -344 -113 220 41
High Desert 72 74 170 47 0.05 0.04 0.13 0.04 -501 -154 -239 63
Low Desert 66 94 112 48 0.08 0.09 0.16 0.07 -101 49 -12 21
Mountains 4 5 7 4 0.02 0.02 0.03 0.02 13 -18 13 284
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South, east, and west trees increase heating costspacts is minor, with the maximum per tree cost only
cept in the Mountains zone, where south and west treg2.69 US (520 MJ/ south tree in the Mid Central Val-
provide slight heating savings (13 MJ/tree, $ 0.07 U$y).

(Table 5). The adverse effects of tree shade on heating

is greatest for south trees. In most zones, shade fr
west trees increases heating costs more than sh
from east trees. Trees located too far away to sha@d¥Bs per tree planted indicate the break-even cost for
homes provide heating savings through reduced wiiad shade tree program assuming wholesale energy
speeds and cold air infiltration. prices. In this analysis PVBs include effects on annual

The influence of climate on cooling and heating sareating and cooling, but not peak demand. PVBs per
ings is considerable. Both annual and peak cooling etree planted ranged from $ 5 in the Mountains to $ 146
ergy savings are greatest in the Desert, Central Valléy,the South Central Valley (Fig. 4). Assuming program
and Inland Empire zones and least in the Coastal agekts of $ 50/tree planted, potentially cost-effective
South Valleys zones. The magnitude of cooling savinggograms are in the Inland Empire, Central Valley, and
tends to increase with the amount of solar radiatioDesert zones.
which trees obstruct, as well as CDD (Table 2). For thisThe 50 million trees were estimated to reduce peak
reason, climate effects are relatively more important [pad demand by 39,974 MW over 15 years at a total
climate zones with the least solar radiation, such as tbest of $ 2.5 billion assuming $ 50/tree. The cost of
coastal zones. Shading effects are most importantgeak load reduction is $ 63/kW saved. Because this
cooling savings in the hot, arid desert zones. cost is considerably less than the $ 150/kW benchmark

The influence of climate on heating costs is couple@dr cost-effectiveness, investment in a shade tree pro-
to air temperature and HDD, but solar radiation alsgram could be a cost-effective peak load management

plays a role. For example, heating impacts for climaieasure in certain regions of California.
only trees track HDD quite closely, with savings great-

est in the Mountains and North Coast zones. The ad-
verse impacts of shade on heating are greatest in zopg§cussion
with the most solar radiation, such as the Desert a
Central Valley zones. However, it is important to note, . . . _
that the economic consequences of these adverse im- Limitations and uncertainies
The standard errors of estimates presented with these
results include only measurement errors, and are there-
fore underestimates. The effects of sampling and mod-
$0 $20 $40 $60 $80 100 $120 s140 s1e0  €ling errors are also important to consider. Sampling
‘ ‘ error reflects variability city-to-city and because the
21-city sample was not a simple random sample the

gré%t—effectiveness

North Coast

Central Coast error is impossible to quantify. Eliminating Atherton
South Coast from the sample and applying tree location data from
South Valleys Pasadena to Los Angeles also introduces non-random-

nland Empire ness and sampling errors.
North Ctr Valley Modeling error occurs when estimates of tree num-
Mid Cir Valley bers are transformed from the 1990 tree count to ex-

pected numbers in 2000. The potential size of this error
and its effect on bias and precision is unclear. Using av-
erage tree cover density to estimate tree numbers and
empty planting sites is another source of modeling
Mountains error. The impact of this error is probably small. If a
density value higher than the one used here was select-
ed, the result would be higher estimates of tree num-
bers. However, this increase would be offset because
! : ; X ; ; each tree would be smaller and cooling savings per tree
family residences in each region. This calculation assumes a - . .
5% nominal discount rate, 25% mortality for the 15-year WOUId. be less. Also, computer Slmulatl_on_s contain
planning horizon, and includes effects on annual heating and modeling error becal_"s_e they rely on a limited set of
cooling, but not peak demand. If tree planting and steward-  Weather data and building and tree types. Results pre-
ship costs were $ 50/tree, programs would be cost-effective ~ Sented here are sensitive to discount rates, energy
in regions where PVBs are greater than $ 50. prices, tree planting costs, building characteristics, tree

South Ctr Valley
High Desert

Low Desert

Fig. 4. Present value of benefits (PVBs) per tree planted
(50 million trees) to shade east and west walls around single-
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mortality, and other factors that cause cost-effectives |mplications of findings
ness to increase or decrease. An analysis of how eaﬁ%

: o : re are several ways that this information can be
of these factors influences the findings is beyond the . - : e T
scope of this study. Used to increase energy efficiency in California. First,

T o : tegically located shade trees should be planted with
These findings indicate that there are approximate ra . ,
177.3 million energy-conserving trees in Californi ew home construction. The CEC and the state’s

communities. This estimate is relatively close to the e pmebunders(,j sthould adopt strategu;_shade tree plagt-
timate of 148.6 million trees in urban areas of Californd 85 & manaatory energy conservation measure under
nia derived from satellite data by Dwyer et al. (ZOOOT'tl.e'.24 Energy Efficiency Standards f_or Resm_lentl_al
Their estimate applies to communities with at lea wldmgs. Second, where cost effective, Caln‘orma
2,500 people. Our estimate applies to all urban and ru ould implement shade tree programs that retrofit ex-

communities. McPherson (1998) estimated that the i.ng buildings .V\.’ith strategically I(_)cated shade trees.
were 6 trees/capita in Sacramento County, slightly mo ird, ‘?Om”;]“’.““es ShOUIdd redelfhcate themselves to
than the 5.2 trees/capita reported here. The SacrameR€asing their street and park tree canopy cover.

number includes all trees, whereas this study om Investment in California’s green infrastructure is
trees in agricultural, wildland, and abandoned areas. N€€ded to reverse the disturbing decade-long trend of

Previous shade tree program impact evaluatiofigduced tree program budgets, fewer trees being plant-
found that findings are sensitive to tree growth angd, and increased use of small-stature trees (Thompson

mortality rates (Hildebrandt & Sarkovich 1998). OuftAhern2000). — . .
analysis assumed a single growth rate for all trees/Although these findings do not have direct applica-

where in fact growth will vary across climate zonedion ?n Ioc_ations outside California, several important
among species, and by location. SMUD’s analysis &zlatlonshlps have relevance to planners e_verywhere.
PVBs over a 30-year period assumed low and higi'€"dy savings from shade tree programs will be great-
mortality rates of 25% and 45%, respectively. Thi§St In cooling dominated climate zones and least in
analysis assumed a 25% mortality rate over a 15_yég;(at|ng dominated regions. In coolln.g dominated _cI|-
period, a relatively high mortality rate. Lower mortali-nates, a tree opposite the west-facing wall provides
ty rates result in greater benefits, but may require igfeéatest net energy benefit. This benefit tends to be
creased investment in tree planting, care, educatigif€atestin hot, arid climates, where trees effectively re-
and monitoring. QUce |rrad|ance_ and drybulb temperature during a rela-
One limitation to conducting this type of study elselively long cooling season. Net energy savings are less
where may be availability of computer programs aniét more heavily populated coastal regions because tem-
expertise to simulate both tree shade and building enBgratures are moderated and fog may reduce irradi-
gy performance. DOE 2 (Birdsall et al. 1994) and Miance. In heating dominated climate zones it is impor-
cropas (McPherson et al. 1985; Enercomp 1992) dat to optimize wind speed reductions during winter
programs that integrate tree shading with building eRY placing evergreen trees between the building and
ergy analysis. Both are complex and require considdtevailing wind. Locating trees for summer shade is
able technical expertise to assign appropriate inpd&$s important than ensuring that trees do not obstruct
and fully interpret results. Aerial photo analysis of tre@inter irradiance from the south. Shading buildings
cover follows standard procedures that are more eadiyring the cooling season can be an issue when build-
replicated than computer simulations. ing envelopes contain large amounts of glass that result
One drawback associated with tree planting is ti@ overheating or buildings to have air conditioning.
delay between investment and realization of return on
investment. Although simulated benefits from plantin .
50 million trees steadily accrued through the 15-ye§rummary and conclusions
period (Table 4), the discounted payback period of
13 years is longer than most private sector investdgglifornia’s urban forests are often taken for granted,
like. To reduce the payback period planners could taput they are quietly working full-time to make cities
get climate zones where trees provide the greatest barere livable. Approximately 177.3 million trees in en-
efits, try to reduce planting costs, increase survivargy conserving locations shelter buildings and moder-
rates, and select rapid growing trees. However, institate urban climates. As a result, utilities save $ 485.8
tional and governmental investors could regard tramsillion annually in wholesale electricity purchases and
planting as a long-term strategy to diversify their porgeneration costs (6,408 GWh, $ 3/tree), while ratepay-
folio. In this case, the strategy might be to plant largers save about twice this much in retail expenditures
stature, long-lived trees that will provide benefits wellor air conditioning. Annual cooling reductions are
beyond those simulated in this analysis. equivalent to power produced by 7.3 100 MW plants,
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enough power for 730,000 homes. These same treesBerthelsen C & Winokur S (2001) Soaring electric use more
duce the summer peak demand by 10% (5,190 MW)fiction than fact. San Francisco Chronicle: Sunday, March
and provide a host of other benefits that make them antl, P 1

invaluable component of every community’s green irirdsall BE, BuhlWF, Ellington KL, Erdem AE, Winkelmann
frastructure FC, Hirsch JJ & Gates S (1994) DOE-2 Basics Version

. . . . - 2.1E, Lawrence Berkeley Laboratory, Berkeley, CA
0
f'||0(?|y ?12/|0 Otf. a”5t6ee .ﬁ.'testm C"?‘"fom!g C'tt.lels f'jtlreCalifornia Department of Finance (1998) County population
ied and planting U miflion {rées in reésiaeéntial Sies ,yiections with age, sex, and racial/ethnic detail. Depart-
to shade east and west walls would fill 21% of all va- ment of Finance, Sacramento

cant sites. After 15 years their total cooling savingSalifornia Department of Finance (2000) City/county popula-
(46,981 GWh, $ 3.6 billion, $ 71/tree planted) would tion and housing estimates, January 1, 2000. California De-
offset 60% of increased electricity consumption associ- partment of Finance, Sacramento, CA

ated with California’s 8 million new residents. Thes€alifornia Energy Commission (1995) California climate
trees would reduce peak loads by 4.5% (39,974 MW).zone descriptions for new buildings. California Energy
The present value of peak load reduction is $ 7.6 billion Commission, Sacramento, CA o

or $ 63/kW, substantially less than the $ 150/k\if@lifornia Energy Commission (2000a) California energy de-
benchmark for cost-effectiveness. Shade tree program&'and 2000-2010. California Energy Commission, Sacra-

. ; . Mmento
are cost-effectlve_ pe‘?‘k load reduction measures Hlifornia Energy Commission (2000b) Natural gas analysis
many parts of California.

. . . and model development unit. California Energy Commis-
Strategically locating trees to shade west walls/win- sjon, sacramento, CA

dows in climate zones where PVBs are highest will imwyer JF, Nowak DJ, Noble MH & Sisinni SM (2000) Con-
crease net benefits. Although shade trees do not curtaihecting people with ecosystems in the 21st Century: An as-
peak loads immediately, they do promise reductionssessment of nation's urban forests. USDA Forest Service,
that will increase as trees grow larger. Planting treesPacific Northwest Research Station, Portland, OR

now for future peak load reduction, annual cooling safnercomp (1992) Micropas4 user manual. Enercomp, Inc.
ings, improved air quality, and climate change mitiga- Sacramento, CA _ )

tion is a sensible way to soften the impact that Califofeisler GM (1986) Energy savings with trees. Journal of Ar-

o : ; : o boriculture 12: 113-125
nia’s growing population will have on limited energy, .. . : )
resources and quality of life. Hildebrandt EW & Sarkovich M (1998) Assessing the cost

effectiveness of SMUD'’s shade tree program. Atmospheric
Environment 32: 85-94

Acknowledgements. We appreciate staff at the California Huang YJ, Akbari H, Taha H & Rosenfeld AH (1987) The po-
Energy Commission who provided information and advice in- tential of vegetation in reducing summer cooling loads in
cluding Todd Peterson, Richard Rohrer, Michael Messenger,residential buildings. Journal of Climate and Applied Me-
David Vidaver, and Ray Darby. Drs. Gordon Heisler (US For- teorology 26: 1103-1116
est Service) and Misha Sarkovich (Sacramento Municiphallette EE, Miller KA, Miwa J & Eckstrom R (1983) Cali-
Utility District) provided helpful reviews of an earlier version fornia climate zone descriptions for new residential con-
of the manuscript. Other US Forest Service people who assiststruction in climate zones 1 through 16. California Energy
ed with the study are Sylvia Mori (statistics), Sabrina Mathis Commission, Sacramento
(data collection and analysis), Steven Lennartz and QingiicPherson EG (1984) Solar control planting design. pp.
Xiao (map), and Jim Geiger (manuscript review). 141-164. In: Energy-conserving site design (Ed. EG
McPherson): 141-164. American Society of Landscape Ar-
chitects, Washington D.C.
References McPherson EG (1998) Structure and sustainability of Sacra-
mento’s urban forest. Journal of Arboriculture 24: 174-190
Akbari H, Bretz SE, Kurn DM & Hanford JW (1997) PeakMcPherson EG, Brown R & Rowntree RA (1985) Simulating
power and cooling energy savings of shade trees. Energytree shadow patterns for building energy analysis. pp.
and Buildings 25: 139-148 378-382. In: Solar 85 — Proceedings of the National Pas-
Akbari H, Davis S, Dorsano S, Huang J & Winnett S (1992) sive Solar Conference (Ed. AT Wilson & W Glennie):
Cooling our communities: A guidebook on tree planting 378-382. American Solar Energy Society, Boulder, CO
and light-colored surfacing. US Environmental ProtectioMcPherson EG & Sacamano PL (1992) Energy savings with
Agency, Washington, DC trees in southern California. USDA Forest Service, North-
Akbari H, Rosenfeld AH & Taha H (1990) Summer heat is- eastern Forest Experiment Station, Chicago, IL
lands, urban trees, and white surfaces. ASHRAE TransddePherson EG, Sacamano PL & Wensman S (1993) Modeling
tions 96, Pt.1: 1381-1388 benefits and costs of community tree plantings. USDA For-
Bernhardt E & Swiecki TJ (1993) The state of urban forestry est Service, Pacific Southwest Research Station, Davis, CA
in California: results of the 1992 California urban foresMcPherson EG & Simpson JR (1999) Carbon dioxide reduc-
survey. California Department of Forestry and Fire Protec- tions through urban forestry: Guidelines for professional
tion, Sacramento and volunteer tree planters. General Technical Report 171.

Urban For. Urban Green. 2 (2003)



86 E. G. McPherson and J. R. Simpson: Potential energy savings in buildings by an urban tree planting programme

USDA Forest Service, Pacific Southwest Research StatidBimpson JR & McPherson EG (1996) Potential of tree shade

Albany, CA for reducing residential energy use in California. Journal of
McPherson EG & Simpson JR (2001) Effects of California’s Arboriculture 22: 10-18

urban forests on energy use and potential savings frddimpson JR, McPherson GE & Rowntree RA (1994) Poten-

large-scale tree planting. Center for Urban Forest Re-tial of tree shade for reducing building energy use in the Pa-

search, Davis, CA cific Gas & Electric service area, final report to Energy Ef-
McPherson EG, Simpson JR, Peper PJ & Xiao Q (1999) Treeficiency Services. Pacific Gas & Electric, San Rafael

guidelines for San Joaquin Valley communities. Localrhompson RP & Ahern JJ (2000) The state of urban and com-

Government Commission, Sacramento, CA munity forestry in California. Urban Forest Ecosystem In-
McPherson EG, Simpson JR, Peper PJ, Scott Kl & Xiao Q stitute, San Luis Obispo, CA

(2000) Tree guidelines for coastal southern California contdS Census Bureau (1996) Land area, population, and density

munities. Local Government Commission, Sacramento, CA for places in California. U.S. Census Bureau, Washington,
McPherson EG, Simpson JR, Peper PJ, Xiao Q, Pittenger DRDC

& Hodel DR (2001) Tree guidelines for inland empire comUSDA Forest Service (1997) Urban forest canopy cover in

munities. Local Government Commission, Sacramento, CA California: Analysis of 21 cities and towns. California De-
Meier AK (1991) Strategic landscaping and air-conditioning partment of Forestry and Fire Protection, Riverside, CA

savings: a literature review. Energy and Buildings 15-1&JS Energy Information Administration (1993a) Household

479-486 energy consumption and expenditure tables. US Depart-
Miller RH & Miller RW (1991) Planting survival of selected ment of Energy/Energy Informaiton Administration, Wash-
street tree taxa. Journal of Arboriculture 17: 185-191 ington, DC

Peper PJ, McPherson EG & Mori SM (2001a) Equations f&S Energy Information Administration (1993b) Household
predicting diameter, height, crown width and leaf area of energy consumption and expenditures 1990, Supplement:
San Joaquin Valley street trees. Journal of Arboriculture Regional. US Department of Energy, Energy Information
27:306-317 Administration, Washington, DC

Peper PJ, McPherson EG & Mori SM (2001b) Predictive
equations for dimensions and leaf area of coastal Southern
California street trees. Journal of Arboriculture 27: 169—-180

Simpson JR (1998) Urban forest impacts on regional space
conditioning energy use: Sacramento County case studReceived: November 11, 2002
Journal of Arboriculture 24: 201-214 Accepted: July 4, 2003

Urban For. Urban Green. 2 (2003)



